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(57) ABSTRACT

A mounting board has a thickness .2 being thicker than a
thickness L1 of a solid state imaging device. In the mounting
board, an attachment opening for containing the solid state
imaging device 1s formed. In addition, a side surface of the
solid state 1maging device i1s a tapered surface having an
inclination angle 01, and an internal surface of the attachment
opening 1s a tapered surface having an inclination angle 02
larger than the inclination angle 01. On the side surface of the
solid state 1maging device and the internal surface of the
attachment opening respectively, contact terminals are pro-
vided for electrically connecting the solid state 1maging
device and the mounting board, when the contact terminals
contact each other according to insertion of the solid state
imaging device into the attachment opening.

15 Claims, 5 Drawing Sheets
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1
IMAGE CAPTURE APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1image capture apparatus
having a solid state imaging device attached to a mounting,
board.

2. Description Related to the Prior Art

A mobile phone which incorporates a digital camera so as
to easily capture images 1s in widespread use. For example,
European Patent Laid-Open Publication No. 1081944 and
Japanese Patent Laid-Open Publication No. 2003-230028
disclose camera modules each of which 1s formed such that a
solid state 1imaging device, an optical unit incorporating an
image taking optical system and a mounting board having a
control circuit thereon are preassembled as a unit, for being
casily incorporated 1n a small electronic apparatus such as a
mobile phone.

The solid state 1maging device comprises a bare chip
obtained such that a lightrecerving portion and electrode pads
are formed on a semiconductor substrate made of silicon, a
package for containing the bare chip, and a cover glass for
sealing an opening of the package without blocking incidence
of light toward the light recerving portion. The bare chip and
the package are connected by wire bonding. In the camera
module, the solid state 1maging device 1s soldered on the
mounting board, and the optical unit s fixed on the package or
the mounting board with adhesive.

As apackaging method to downsize the solid state imaging
device, a waler-level chip size package (hereinafter WLCSP)
1s known. In the WLCSP, a semiconductor device 1s obtained
by dicing a waler after packaging 1n a semiconductor waier
process. As described in U.S. Pat. No. 6,483,179, the WLCSP
can drastically reduce the size of a solid state imaging device
in comparison with the conventional ceramic packaging.

The solid state imaging device in a conventional package 1s
large 1n overall size (project area 1n an optical axis direction)
and 1n length 1n the optical axis direction (thickness). There-
fore, a camera module or a mobile phone which incorporates
the solid state imaging device 1s hardly reduced 1n size. If the
solid state imaging device of WLCSP type 1s incorporated 1n
the camera module, the camera module becomes smaller than
another one in which the conventional solid state 1maging
device 1s incorporated. However, the camera module 1is
required to further reduce its size such that the mobile phone
can be downsized and reduced 1n thickness.

SUMMARY OF THE INVENTION

An object of the present invention 1s to reduce the thickness
of an 1mage capture apparatus where a solid state 1maging
device 1s mounted on a mounting board.

In order to achieve the above object and the other objects,
in an 1mage capture apparatus of the present application, a
mounting board has a thickness larger than that of a solid state
imaging device, and an attachment opening 1s formed 1n the
mounting board, for containing the solid state imaging device
within the thickness of the mounting board. In addition, a
plurality of first contact terminals are formed on a side surface
of the solid state 1maging device, and a plurality of second
contact terminals are formed on an internal surface of the
attachment opening, such that these contact terminals contact
cach other for electrically connecting between the solid state
imaging device and the mounting board.

The side surface of the solid state imaging device 1s a first
tapered surface which has a first inclination angle, the internal

10

15

20

25

30

35

40

45

50

55

60

65

2

surface of the attachment opening 1s a second tapered surface
which has a second inclination angle larger than the first
inclination angle, and the bottom surface of the solid state
imaging device has a size larger than that of an upper end of
the attachment opening, and smaller than that of a lower end
of the attachment opening. In addition, a first indicator 1s
provided on the solid state imaging device, for indicating a
position of a first terminal which 1s one of the first contact
terminals, and a second 1ndicator 1s provided on the mounting
board, near the attachment opening, for indicating a position
where the first terminal 1s attached to the attachment opening.

According to the 1image capture apparatus of the present
invention, because the solid state imaging device 1s contained
within the thickness of the mounting board, a length of the
image capture apparatus in an optical axis direction can be
reduced by a thickness of the solid state 1imaging device.
Further, telephoto lenses or zoom lenses can be incorporated
in the 1mage capture apparatus without increasing thickness
ol the apparatus, when these lenses are 1n the space gained by
the solid state imaging device being contained inside the
mounting board.

Since the solid state 1maging device and the mounting
board are wired in the attachment opening, 1t 1s prevented that
the thickness of the image capturing apparatus becomes
increased by the wiring protruding on the mounting board.
Further, the side surface of the solid state imaging device and
the internal surface of the attachment opening can be surely
contacted by inserting the solid state imaging device into the
attachment opening, because the side surface of the solid state
imaging device 1s the tapered surface, the internal surface of
the attachment opening 1s the tapered surface which has the
inclination angle larger than that of the side surface of the
solid state imaging device, and the bottom surface of the solid
state imaging device has the size larger than that of the upper
end of the attachment opening, and smaller than that of the
lower end of the attachment opeming. In addition, since the
indicator for distinguishing the first terminal 1s provided on
the solid state 1maging device, and the other indicator 1s
provided on the mounting board for indicating a position
where the first terminal 1s attached to the attachment opening,
therefore 1t 1s prevented that the solid state imaging device 1s
improperly attached to the mounting board.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention
will become easily understood by one of ordinary skill in the
art when the following detailed description would be read 1n
connection with the accompanying drawings.

FIG. 11s a perspective view of a mobile phone to which the
present invention 1s applied;

FIG. 2 1s a partially sectional view of an 1image capture
section of the mobile phone;

FIG. 3 1s an exploded perspective view of a camera module;

FI1G. 4 1s a perspective view of a solid state imaging device;

FIG. 5 1s a partially sectional view of the solid state imag-
ing device;

FIG. 6 1s a partially sectional view showing a state of
contacting between a contact terminal of the solid state 1mag-
ing device and a contact terminal of a mounting board; and

FIG. 7 1s a partially sectional view of an 1image capture
section ol a mobile phone of another embodiment.

PREFERRED EMBODIMENTS OF THE
INVENTION

As shown 1n FIG. 1, amobile phone 2 comprises a recetver
unit 3 and a transmitter unit 4, which are connected by a hinge
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in a foldable manner. The receiver unit 3 provides a voice
output section 6 for outputting recerved voice which 1s ampli-
fied, a display 7 for displaying various information, an image
capture section 8 for capturing object images, and an antenna
9. The transmitter unit 4 provides operation buttons for oper-
ating the mobile phone 2, and a voice mput section 11 for
inputting voice for transmission.

As shown 1n FIG. 2, an outer cover 14 of the mobile phone
2 has an opening 15 for image capturing. The opening 15 1s
covered by a protection plate 16 which i1s formed of transpar-
ent plastic or the like. Below the opening 15, a camera module
19 1s fixed to a frame 17 of the mobile phone 2 by plural
screws 18. As shown 1n FIG. 3, the camera module 19 com-
prises a solid state imaging device 20 of WLCSP type, a
mounting board 21 and an optical unit 22.

As shown 1n FIG. 4 and FIG. 5, the solid state imaging,
device 20 1s constructed of a semiconductor substrate 26, a
frame-like spacer 27 which 1s adhered on the semiconductor
substrate 26 with an adhesive, and a cover glass 28 which 1s
adhered above the spacer 27 so as to seal inside the spacer 27.
Side surfaces of the solid state imaging device 20 are tapered
surfaces which 1s narrowed from the semiconductor substrate
to the cover glass 28.

On the top surface of the semiconductor substrate 26, a
light recerving portion 30 1s provided. The light receiving
portion 30 1s a CCD (charge coupled device) type, on which
plural pixels (photodiodes) are formed. A micro lens and
color filters are superimposed on the each pixel, as well
known. On the side surfaces of the semiconductor substrate
26, a plurality of contact terminals 31 which electrically
connect the light recerving portion 30 are provided. The con-
tact terminals 31 are formed such that conductive materials
are printed on the semiconductor substrate 26, for example.

One of the contact terminals 31, to which a numeral 314 1s
applied, 1s a first terminal which acts as a fiducial for deter-
mimng attachment orientation of the solid state imaging
device 20. A mark 33 which indicates the position of the first
terminal 31a 1s formed by printing or the like, at a position on
the cover glass 28 where the spacer 27 faces.

The spacer 27 1s formed of 1morganic materials such as
s1licon, and surrounds the light recetving portion 30. A trans-
parent c.-ray shielding glass 1s used as the cover glass 28, so
as to prevent the pixels from being destroyed by the a-ray.
Since a space between the light recerving portion 30 and the
cover glass 28 1s provided, the functions of the micro lens do
not become worse.

The solid state imaging device 20 1s produced as described
below, for example. First, the silicon 1s superimposed on a
transparent glass substrate as the substrate of the cover glass
28, and then the plural spacers 27 are formed on the glass
substrate by photolithography, development, etching and so
on. Next, by the adhesive applied on end faces of the spacers
277, the spacers 27 are adhered on a water on which a plurality
ol the light receiving portions 30 and the contact terminals 31
are formed, such that the each light receiving portion 30 are
closed 1nside the spacer 27 and the glass substrate. Finally, a
plurality of the solid state 1imaging devices 20 are obtained
from dicing of the glass substrate and the water along inclined
dicing lines such that the side surfaces the solid state imaging
devices 20 become the tapered surfaces.

Note that the contact terminal 31 1s formed by a method as
described below. Firstly, through-holes are formed along the
inclined dicing lines, and filled with conductive paste. After
the conductive paste 1s solidified, the water 1s diced along the
dicing line. Accordingly, the plurality of the contact terminals
31 are formed on the side surfaces of the semiconductor
substrate 26.
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The mounting board 21 1s a rigid board formed of a glass
epoxy substrate, a ceramic substrate or the like, and has a
thickness 1.2 being thicker than a thickness L1 of the solid
state imaging device 20. In the center of the mounting board
21, a rectangular shaped attachment opening 37 1s formed.
The solid state imaging device 20 1s inserted into the attach-
ment opening 37 from lower end of the opening. A mark 39,
which indicates a position where the first terminal 31q of the
solid state 1maging device 20 i1s attached to the mounting
board, 1s formed by printing or the like on the mounting board
21, near the attachment opening 37.

Internal surfaces of the attachment opening 37 are tapered
surtaces which are narrowed from a bottom surface of the
mounting board 21 to a top surface of the mounting board 21.
On the mternal surfaces, a plurality of contact terminals 38
which contacts the contact terminals 31 of the solid state
imaging device 20, for electrically connecting them. As
shown 1n FIG. 6, an inclination angle 02 of the internal sur-
face of the attachment opening 37, which i1s measured from
the bottom surface thereof in counterclockwise direction, 1s
larger than an inclination angle 01 of the side surface of the
solid state 1imaging device 20. In addition, the size of the
bottom surface of the solid state imaging device 20 1s larger
than that of an upper end of the attachment opeming 37, and 1s
smaller than that of a lower end of the attachment opening 37.
Accordingly, when the solid state 1maging device 20 1s
inserted into the attachment opening 37 from lower end of the
opening, the contact terminal 31, which 1s provided near the
bottom surface of the solid state imaging device 20, 1s surely
contacted to the contact terminal 38 of the mounting board 21.

The solid state imaging device 20 which 1s inserted 1n the
mounting board 21 1s fixed to the mounting board 21 by
adhesive 40 or the like poured into gaps of the attachment
opening 37 from the upper end thereof. Note that forming the
contact terminal 38 inside the attachment opening 37 of the
mounting board 21 1s performed by the same method which
applied to the forming of the contact terminal 31 of the solid
state imaging device 20.

The optical umit 22 comprises a lens holder 43 and a taking
lens 44 which 1s incorporated 1n the lens holder 43. The lens
holder 43 1s formed of for example a plastic, and has a cylin-
drical lens barrel 43a 1n which the taking lens 44 are incor-
porated. The optical unmit 22 1s fixed on the mounting board 21
by the adhesive, after the solid state 1maging device 20 1s
attached on the mounting board 21.

In the above embodiment, the attachment opening 37 1s
formed 1n the mounting board 21 to contain the solid state
imaging device 20. However, an embodiment shown in FIG.
7 may be also preferable. In the embodiment, a recess 46 1s
formed 1n a mounting board 45 of multilayer substrate, and a
solid state imaging device 47 1s attached inside the recess 46.
Accordingly, a thickness of optical axis direction of a camera
module becomes reduced by a thickness of the solid state
imaging device 47. In the above embodiment, the mark 33
which indicates the first terminal 31a 1s formed by printing,
however, a cutout may be formed on the solid state 1maging
device mstead of the printed mark.

Although the present invention has been fully described by
way of the preferred embodiments thereof with reference to
the accompanying drawings, various changes and modifica-
tions will be apparent to those having skill 1n this field. There-
fore, unless otherwise these changes and modifications depart
from the scope of the present invention, they should be con-
strued as included therein.
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What 1s claimed 1s:
1. An 1mage capture apparatus including a solid state imag-
ing device which converts an 1image focused by a taking lens
into electronic signals, comprising:
a mounting board on which said solid state imaging device
1s mounted, and having a thickness which 1s greater than
a thickness of said solid state imaging device; and

a contamner portion formed 1n said mounting board, for
containing said solid state imaging device within said
thickness of said mounting board,

wherein the container portion comprises an attachment
opening which penetrates the mounting board,

wherein a side surface of the solid state 1maging device
comprises a first tapered surface which 1s narrowed from
a bottom surface to a top surface with a first inclination
angle measured from the bottom surface of the solid
state imaging device 1n a counterclockwise direction,

wherein an internal surface of the attachment opening
comprises a second tapered surface which 1s narrowed
from a lower end of the attachment opening to an upper
end thereof with a second inclination angle larger than
the first inclination angle, measured from the lower end
of the attachment opening in the counterclockwise
direction, and

wherein the solid state 1maging device 1s inserted into the
attachment opening from the lower end thereof.

2. An 1mage capture apparatus as described 1n claim 1,
wherein said solid state imaging device comprises:

a semiconductor substrate having a light recerving portion
which converts said 1image 1nto said electronic signals;

a spacer attached on said semiconductor substrate for sur-
rounding said light recerving portion; and

a transparent plate attached on said spacer.

3. An 1mage capture apparatus as described 1n claim 2,
turther comprising:
a plurality of first contact terminals formed on a side sur-
face of said solid state imaging device, to be electrically
connected to said light recerving portion; and

a plurality of second contact terminals formed on an inter-
nal surface of said attachment opening, each of which
contacts said first contact terminals to make electrical
connections.

4. An 1mage capture apparatus as described in claim 3,
wherein said bottom surface of said solid state imaging device
has a size greater than a size of side upper end of said attach-
ment opening, and less than a size of said lower end of said
attachment opening.

5. An 1mage capture apparatus as described 1n claim 4,

turther comprising:
a first indicator provided on said solid state imaging device,
for indicating a position of a first terminal which 1s one
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of said first contact terminals, and acting as a fiducial for
determining attachment orientation of said solid state
imaging device; and

a second indicator provided near said attachment opening,
on said mounting board, for indicating a position where
said first terminal 1s attached to said attachment opening.

6. An 1mage capture apparatus as described 1n claim 3,
wherein said first and second indicators are formed by print-
ng.

7. An 1mage capture apparatus as described 1n claim 5,
wherein said {irst indicator 1s a cutout formed on said solid
state 1maging device.

8. An 1mage capture apparatus as described in claim 4,
wherein said 1image capture apparatus 1s a mobile phone.

9. An 1mage capture apparatus as described in claim 1,
wherein said container portion comprises a recess formed 1n
said mounting board which 1s a multilayer substrate.

10. An 1image capture apparatus as described 1n claim 2,
wherein the light receiving portion and the spacer are in
contact with a top surface of the semiconductor substrate.

11. An 1image capture apparatus as described 1n claim 3,
wherein a bottom edge of the first tapered surface 1s in contact
with the second tapered surface.

12. An 1image capture apparatus as described 1n claim 1,
wherein a bottom edge of the first tapered surface 1s in contact
with the second tapered surface.

13. An 1mage capture apparatus as described 1n claim 1,
wherein the bottom surface of the solid state imaging device
has a size greater than a size of the upper end of the attachment
opening, and less than a size of the lower end of the attach-
ment opening.

14. An 1image capture apparatus as described 1n claim 1,
turther comprising:

a {irst indicator provided on the solid state imaging device,
for indicating a position of a first terminal which is one
of a plurality of contact terminals, and acting as a fidu-
cial for determining attachment orientation of the solid
state 1maging device; and

a second indicator provided near the attachment opening
on the mounting board, for indicating a position where
the first terminal 1s attached to the attachment opening.

15. An 1mage capture apparatus as described 1n claim 1,
wherein the solid state imaging device includes a light rece1v-
ing portion,

wherein a plurality of first contact terminals are formed on
a side surface of the solid state imaging device, to be
clectrically connected to the light recerving portion; and

wherein a plurality of second contact terminals are formed
on an 1nternal surface of the attachment opening, each of
which contacts the first contact terminals to make elec-
trical connections.
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